To illustrate key points, we describe a fictitious 18-year-old Hispanic male presenting to the emergency department of his local community hospital after a 3-week history of nose bleeds and increasingly severe fatigue. His past medical history is unremarkable. He was born at term by Cesarean section and achieved all of his developmental milestones at their appropriate times. He has no siblings. There is no family history of abnormal bleeding or clotting. He is not taking any prescribed medications and denies the use of recreational drugs and alcohol. Physical examination reveals blood clots in both nostrils and petechial hemorrhages in his mouth and lower extremities. A laboratory evaluation included a complete blood count (CBC), a basic metabolic profile, and prothrombin time/ activated partial thromboplastin time (PT/aPTT). Upon review of his laboratory results and clinical picture, he was admitted for inpatient evaluation and treatment.
Patient Test Results
The laboratory data ( Table 1 ) revealed profound anemia (hemoglobin 6.7 g/dL) with significant reticulocytosis (8%) and an increased mean corpuscular volume (MCV) of 95 fL, suggesting hemolytic anemia with appropriate bone marrow response. Platelets were decreased (9000/µL) with numerous giant forms seen on a peripheral smear and an increased mean platelet volume (MPV) of 12 fL (Image 1).
The coagulation profile included a PT of 47 seconds and an aPTT of 75 seconds that corrected to near normal with mixing studies, suggesting multiple factor deficiencies. The 
Review of Hemostasis
Hemostasis relies on a precarious equilibrium between bleeding and clotting. Four components act together to maintain hemostatic balance: the vascular system, platelets, coagulation factors, and fibrinolytic tissue repair. 2 Coagulation factors are activated by various stimuli, including tissue injury and inflammation. There are 2 coagulation pathways, the intrinsic and extrinsic, which converge into the common pathway ( Figure 1 ).
Coagulation can be initiated in vitro by either the extrinsic or intrinsic pathways, depending on the stimulus, although in vivo the extrinsic pathway is the dominant mechanism of coagulation. 3 In the extrinsic pathway, platelet tissue factor is released by disrupted cells and enters the circulation. In the presence of tissue factor, factor VII is activated to factor VIIa. In the presence of ionized calcium, factor VIIa activates factor X to factor Xa. In the intrinsic pathway, contact activation factors prekallikrein, high molecular weight kininogen, factor XII, and factor XI interact to activate factor IX to IXa. Activated factor IXa converts factor X to factor Xa in the presence of calcium and factor VIII. The common pathway intersects these two cascades, 
Image 1
This peripheral smear is an example to illustrate a giant platelet (arrow). Giant platelets are younger platelets produced by the bone marrow in response to platelet destruction as seen in DIC.
e12 Lab Medicine | Spring Supplement 2013 www.labmedicine.com Review beginning with activated factor X, which converts factor II (prothrombin) to thrombin that in turn converts fibrinogen to fibrin, leading to clot formation. 2 Fibrinolysis releases the factors to be recycled. Other proteins, most prominently antithrombin and proteins C and S, work together to inhibit the coagulation cascade while fibrinolytic proteins, such as plasmin, work to degrade it.
Disseminated Intravascular Coagulation
Disseminated intravascular coagulation (DIC) results from unregulated and excessive generation of fibrin leading to thrombosis and, paradoxically, bleeding due to consumption of coagulation proteins. 4 Laboratory studies show elevated coagulation times (PT, aPTT), decreased fibrinogen, increased fibrin degradation fragments, thrombocytopenia, and anemia. DIC is a secondary manifestation of several underlying diseases including hematologic malignancies. As many as 15% of patients with cancer and virtually all patients with APL develop DIC. 4 Untreated APL is fatal in 56% of cases in the first few days after diagnosis, due to uncontrolled hemorrhage from DIC.
5

Image 2
This peripheral blood smear is an example showing promyelocytes with characteristic large nuclei, fine chromatin pattern, nucleoli, and the presence of multiple rod-shaped structures (Auer rods) in the cytoplasm.
Figure 1
Basic coagulation pathways.
Review
The diagnostic feature of most acute leukemias is the presence of circulating blasts (immature hematopoietic cells). APL blasts are particularly rich in tissue factor. The lysis of blast cells in APL, whether by natural cell turnover or induced by treatment, causes the release of tissue factor. 4 Tissue factor activates the extrinsic pathway and excess amounts lead to uncontrolled fibrin clot formation.
Component Support
DIC is a condition in which the normal balance of hemostasis is altered to favor fibrin formation. Factors that promote and inhibit coagulation are consumed faster than they are synthesized, disrupting hemostatic control. The natural sequence following fibrin formation is fibrinolysis, yet in DIC this process is disrupted, resulting in uncontrolled consumption of coagulation factors, platelets, and the formation of fibrin degradation products. The patient begins to bleed at the same time disseminated coagulation is occurring.
When a patient presents with clinical and laboratory evidence of DIC, the first-line therapy is to treat or remove the underlying cause and provide supportive care. Transfusion is an important component in the care of patients with DIC although consideration of transfusion with blood products should be not be based solely on laboratory results, but instead should take into account clinical evidence of active bleeding. Transfusion with plasma, platelets, cryoprecipitated antihemophilic factor (AHF), and red blood cells (RBCs) may be indicated. 6 Use of these components may fuel clot formation, yet be essential to maintain hemostasis. 7 Transfusion with plasma to replace diminished coagulation factors is helpful when clotting times are prolonged and there is evidence of bleeding. 8 Plasma transfusions introduce a risk for transfusion-related acute lung injury (TRALI) that should be considered before indiscriminately including plasma products when RBCs are given. Clotting tests, such as PT and aPTT, should be used to monitor the impact of infusion of fresh frozen plasma (FFP). Several plasma alternatives that can be used for coagulation factor replacement include FFP, plasma frozen within 24 hours after phlebotomy (FP24), and thawed plasma (TP). 9 These plasma products differ in regard to traceability source, storage, expiration, and factor activity ( Table 2) . 10 The heat liable factors V and factor VIII in thawed plasma are not within the normal range for human plasma, but are above the hemostatic threshold of 35%. When plasma is given for coagulation factor replacement, the typical dose is 10 to 20 mL/Kg. 9 Platelet transfusion should be considered in patients with severe thrombocytopenia. A reasonable target for platelet transfusion is 50,000/µL, depending on the risks for bleeding. 7 Platelets obtained through apheresis or in whole blood donations can be transfused. When transfusing apheresis platelets, it is important to take into account the number of equivalent units in the collection bag. The expected increase in the platelet count may be lower in patients with ongoing coagulopathy. 11 Another component of plasma important in supporting a patient with DIC is fibrinogen. According to a study by Kitchens, fibrinogen levels should be kept between 50 and 100 mg/dL, and the best source of fibrinogen is cryoprecipitated AHF. 7 Although there is a fibrinogen concentrate, haemocomplettanP/RiaSTAP, it is only available in the United Kingdom (UK) and is used to treat congenital hypofibrinogenaemia. 8 Red blood cells (RBCs) should be administered to maintain hemoglobin in the range of 6 to 10 g/dL. 7, 11, 12 One unit of RBCs should increase the hemoglobin level by about 1 g/ dL in an adult with normal blood volume. 9 As with all blood Beyond standard blood component therapy, the use of antifibinolytic agents is controversial. 8 Other therapeutic options include heparin, antithrombin, and, at one time, recombinant human activated protein C (Figure 1 ).
Heparin may be considered in DIC when thrombotic complications are predominant, or used prophylactically in nonbleeding patients at high risk of thromboembolism. 5, 11 Heparin inhibits thrombin and may be indicated in DIC with predominantly thromboembolic manifestations. If heparin is used, close monitoring of aPTT and heparin levels is important. Because antithrombin is consumed in DIC, its replacement may increase clearance of thrombin. Recombinant human activated protein C was once used since it inhibits thrombin activation. Recently, however, the product has come under scrutiny and was withdrawn from the US and European markets in 2011 after numerous studies failed to show any benefit from its use in either DIC or sepsis, and some studies showed potential harm. Use of activated protein C in combination with medications such as corticosteroids is currently under review. 13 The role of the blood bank in providing blood components to a patient with DIC is vital to the patient's successful outcome. There needs to be a coordinated effort in obtaining laboratory values, transfusing blood components, and monitoring the effects of transfusions to correct or stabilize coagulation status. Blood bank involvement is critical when managing a patient with DIC. If prolonged use of products is anticipated, the blood bank must be notified early to ensure the availability of products necessary for treatment of the patient. Hematology and coagulation laboratories also are valuable members of the team working with physicians to manage a patient with DIC.
Summary
DIC is associated with sepsis, obstetric disorders, and hematologic malignancies. We present a fictitious case report of a young male with bleeding and laboratory results consistent with APL and DIC. The patient received appropriate medical support, including blood product therapy, until resolution of his bleeding symptoms and remission of his leukemia. Platelet count, PT/aPTT, fibrinogen, and fibrin degradation fragments were key laboratory values. An understanding of the coagulation process and the role of coagulation factors in hemostasis is important for laboratory personnel. Patients with DIC need blood components to replenish and maintain levels of coagulation factors and platelets. The laboratory provides constant monitoring of coagulation parameters and therapeutic blood components in the supportive care of these patients. LM
